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ABSTRACT
Relational values are values of desirable relationships between people and nature and among
people (through nature). We report on the approach to capture relational values of nature’s
contributions to people in the regional assessment for Europe and Central Asia of the
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES).
We present a framework considering indicators along four relational value dimensions about
people’s relationships with nature: security and sovereignty; health; equity and justice; and
heritage, social identity and stewardship. The framework has been operationalized for three
nature’s contributions to people (NCP): regulation of freshwater quality and quantity, food
and feed, and physical and psychological experiences derived from nature. We identify ways
to empirically assess relational values of nature’s contributions to people at regional and
continental scales with social-ecological indicators and proxies, ranging from biophysical
indicators to indicators that intersect socio-economic with biophysical data. We conclude
that many of the identified indicators can be considered as useful proxies of relational values
in a quantitative way. The analysis shows that relational values are essential to consider at the
science-policy interface as they are an important set of values that people hold about nature
and that go beyond instrumental relations.
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1. Introduction
1.1. Relational values and their assessment
within the IPBES regional assessment for Europe
and central Asia
The Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services (IPBES) aims to
integrate diverse conceptualisations of the values of nat-
ure, nature’s contributions to people (NCP, Díaz et al.
2018) and good quality of life into policy decisions
(Pascual et al. 2017a). From the development of its con-
ceptual framework, IPBES has acknowledged the rele-
vance of integrating and operationalizing relational
values (RV) within its work programme including its
assessments (Díaz et al. 2015; Pascual et al. 2017a; Chan
et al. 2018). IPBES interprets RV as values that contribute
to desirable relationships between people and nature, and
among people (through nature) (Pascual et al. 2017a;
IPBES 2018). In a similar vein Chan et al. (2016) and
Chan et al. (2018) approximate RV as being distinct from
instrumental and intrinsic values, emphasizing those pre-
ferences, principles, and virtues associated with the rela-
tionships that people havewith components of nature, i.e.
when the relationships themselves matter to people,
beyond a means to an end. Different dimensions of RV
comprise eudaimonic values, which contribute to
a meaningful life worth living in an Aristotelian sense
(Chan et al. 2018). Thus, eudaimonic RV are associated
with the values of nature as they contribute to reveal the
importance of a meaningful life, including aspects of
physical, mental and emotional health, security and live-
lihoods, cultural identity, heritage and stewardship, and
perceptions of equity and sense of fairness and justice
(Pascual et al. 2017a). Furthermore, RV can represent the
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importance of the conditions to protect the life-
supporting system, which allows people to define them-
selves and give sense to their existence (i.e. fundamental
values) (Arias-Arévalo et al. 2018). Hence, fundamental
RV represent, for example, the importance of nature
because of its contribution to develop people’s own iden-
tities (e.g. via culture, heritage and stewardship), health
and security (Arias-Arévalo et al. 2018). Finally, RV also
connect to core values about nature as related to (uni-
versal) moral values such as care, responsibility and stew-
ardship (Pascual et al. 2017a; Chan et al. 2018; Himes and
Muraca 2018).
In some cases, different dimensions of RV can be
expressed at the same time in a particular context.
For example, RV such as caring for the land can
contribute to a meaningful life by supporting the
quality of life dimension associated with promoting
or taking care of one’s cultural and historical heritage,
identity and one’s role as steward of nature. Caring
for land can also lead to universal moral values about
justice, when the responsibility of taking care of the
land is related to core values of fairness, equity and
justice. This is the case when, e.g. a farmer who has
a sense of belonging to the land may take care of the
land by not polluting it with agrochemicals and in
this way, develops a sense of equity and justice
towards other farmers since the use of agrochemicals
can affect their lands. The responsibility towards the
land and towards other farmers can be seen as two
different dimensions associated with RV.
RV are considered a distinct type of value when com-
pared with intrinsic values (‘nature being valuable for its
own sake’) and instrumental values (‘nature being
a means to an end’) (Chan et al. 2016; Himes and
Muraca 2018). Pascual et al. (2017a) sketch a gradient
between aspects of instrumental, relational, and intrinsic
values and do not draw strict boundaries between such
types of values. For example, people can value nature as it
contributes to a good life by providingmaterial NCP that
increase the quality of life (instrumental values) or by
supporting a meaningful life worth living (eudaimonic
RV). One way to distinguish between instrumental and
relational values is by looking at the substitutability of the
thing being valued. While instrumental values reflect
a means to an end (towards the quality of life), these
means might be substitutable. Instead, RV reflect mean-
ing-saturated relationships with nature (Chan et al.
2018). Such relationships meaningfully matter to people,
and as such are not substitutable from the valuer’s per-
spective (individually or collectively). This forms the
essential basis of RV (Chan et al. 2018). RV can hence
be considered as a third broad category of values that
outside the space of instrumental and intrinsic values
(Chan et al. 2016; Pascual et al. 2017a). In other words,
instrumental, relational and intrinsic values provide an
intuitive canvass of distinct values (Piccolo 2017) with
sometimes fuzzy boundaries between them (e.g. Arias-
Arévalo et al. 2018).
Together, the conceptual contributions of Díaz
et al. (2015) and Pascual et al. (2017a) have set the
stage for the integration of RV into IPBES assess-
ments as a distinct category of values that can be
used for decision-making. In this paper, we report
on the approach used in one of the four IPBES
regional assessments, the Europe and Central Asia
(ECA) assessment (IPBES 2018), to capture RV of
and about nature and NCP (Martín-López et al.
2018). Instead of developing new knowledge, the
ECA assessment has focused on currently available
empirical findings and indicators. Notwithstanding
limited existing research on RV in the ECA region,
the IPBES ECA assessment report has spelt out
diverse conceptualizations of values.
Herewe seek to fill an important knowledge gap in the
research of RV of NCP, that is, to identify social-
ecological indicators (as proxies) that can be used to
assess RV of NCP at regional and continental scales.
Our aim here is to report on the process and the results
from operationalizing RV of NCP in the IPBES ECA
assessment. Indicators summarize, synthesise or aggre-
gate data and information in a format that is understand-
able for decision-makers (Layke et al. 2012). Hence,
indicators are expected to convey complex realities to
specific decision contexts, and as such embody a way to
transfer knowledge from science to policy. As is the case
with large-scale assessments, indicators enable the mon-
itoring and communication of trends, for instance in the
quantity, quality and value of NCP, nature or good qual-
ity of life (Ash et al. 2010). In the context of IPBES,
assessing NCP and their associated RV requires develop-
ing social-ecological indicators, either through bridging
biophysical and socio-economic indicators (Olander et al.
2017), proxies or metrics that are based on multiple
indicators. Also, indicators ideally need to inform on
long-term trends, on progress towards achieving policy
targets or aims (e.g. Aichi targets, Sustainable
Development Goals), and need to be comparable across
regions and different assessments. This poses particular
challenges for indicators associated with RV, as they
feature the interplay between biophysical and socio-
economic information, e.g. the percentage of
a population with access to drinking water (in contexts
where there is natural availability ofwater) as an indicator
of contextual notions of held values related to justice or
equity.
We developed an analytical framework that con-
siders multiple indicators along four RV dimensions
about people’s relationships with nature, including:
(1) collective notions of security and sovereignty, (2)
health towards a good quality of life, (3) contextual
held values associated with equity and justice, and (4)
aspects of natural heritage, social identity and
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stewardship of the environment. These four dimen-
sions are associated with the RV dimensions in the
IPBES ECA assessment (Martín-López et al. 2018).
These have been partly requested by the governments
participating in IPBES and also been informed by the
IPBES values and valuation guide (IPBES 2015). The
analytical framework has been operationalized for
three NCP of the 18 NCP categories defined in Díaz
et al. (2018): regulation of freshwater quality and
quantity1 (as regulating NCP), food and feed (as
material NCP), and physical and psychological
experiences derived from nature (as non-material
NCP related to recreation). We have selected these
exemplary NCP as they have been associated with
different RV dimensions in the ECA assessment
(Martín-López et al. 2018), and since indicators
(and proxies) and data were available for these three
NCP. We subsequently discuss challenges and most
evident knowledge gaps, and a road ahead also in
light of the on-going IPBES values assessment.
1.2. The IPBES regional assessment for Europe
and central Asia
Between 2015 and 2018, around 100 experts of the IPBES
Regional Assessment for ECA have critically evaluated
and synthesised existing knowledge on status and trends
of nature and its NCP, the derived good quality of life,
drivers of change, scenarios and governance options for
the region. The ECA assessment was commissioned in
response to requests from 130 governments to IPBES
(IPBES 2018). In March 2018, the sixth plenary of
IPBES approved the Summary for Policy Makers and
accepted the technical assessment report. The ECA
region encompasses 54 countries in four subregions:
Western, Central, and Eastern Europe, as well as
Central Asia (Figure 1).
The ECA region includes countries with different
geography and history, but also common properties.
The ECA region shares many cultural-historical fea-
tures reflected in similarities in land use, biodiversity
and ecosystem services. Nevertheless, there is a high
heterogeneity in natural and socio-cultural aspects.
The ECA region ranges over the polar, temperate
and subtropical climate zones. Large parts of ECA
lie in the subarctic and humid continental climate
zones, but most of the human population lives
under oceanic, Mediterranean or continental cli-
mates. A large portion of ECA is highly fragmented
in terms of geomorphology by mountain ranges and
lake and sea coasts and major river systems, while
most of Eastern Europe and Central Asia are low-
lands or plateaus. Highly variable local conditions
create a fine mosaic of land use and habitat types
for most of Western and Central Europe, including
diverse cultural landscapes. Large areas of sparsely
inhabited land exist in Eastern Europe and in
Central Asia where ecosystems are less modified by
local human activity, but nevertheless, are affected by
global change and natural resource extraction.
Figure 1. The Europe and Central Asia (ECA) region of the IPBES assessment.
Source: IPBES (2018).
1For simplicity reasons, this category is merged from the two water-related NCP in Díaz et al. (2018), p. 6. Regulation of
freshwater quantity, location and timing and 7. Regulation of freshwater and coastal water quality.
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Further details and references for this basic descrip-
tion can be found in (IPBES 2018). The ECA assess-
ment concludes that biodiversity in the region is in
continuous strong decline (IPBES 2018). In recent
years, national and international sustainability and
conservation policies and actions have contributed
to reversing some negative biodiversity trends.
Across the region, NCP is unevenly experienced by
people and communities. The IPBES ECA assessment
also found that the ECA region is heavily telecoupled
with the rest of the word in that it strongly depends
on other world regions through the net import of
renewable resources, having impacts on ecosystems
and people in the rest of the world (Martín-López
et al. 2018). We summarise the status and trends of
the three selected NCP as assessed in the ECA assess-
ment (Martín-López et al. 2018), on which our assess-
ment of RV is based: regulation of freshwater
quantity and quality (Box 1), food and feed (Box 2),
and the physical and psychological experience
derived from nature (Box 3). For a more detailed
explanation of the status and trends of these NCP,
see Martín-López et al. (2018).
2. Methods
2.1. Dimensions of relational values of nature’s
contributions to people’s good quality of life
In this section, we conceptually elaborate the four dimen-
sions of RV that have been operationalized in the IPBES
ECA assessment: (1) security and sovereignty, (2) health,
(3) equity and justice, and (4) heritage, identity and stew-
ardship. Specifically, we present a framework (Figure 2)
that conceptualises the meaning-saturated relationships
that connect NCP with these four dimensions of people’s
good quality of life. These value dimensions span from
tangible aspects, such as security of basic needs (food,
water and energy) to intangible aspects, such as identity
and stewardship. The selection of these dimensions covers
the whole spectrum of essential aspects for the achieve-
ment of a fulfilled and meaningful human life (IPBES
2015), and thus are closely associated with our general-
izable empirical interpretation of RV (including funda-
mental and eudaimonic RV). Note that we do not cover
RV associatedwith individuals (as, for instance, notions of
security, equity and justice); rather, we provide indicators
Box 1. Regulation of freshwater quantity and quality.
This combined NCP category involves the ecosystem’s ability to:
(i) regulate the flow and quantity of freshwater used for drinking,
irrigation and industrial purposes, and (ii) the capacity of
ecosystems to remove or break down excess nutrients and other
pollutants in freshwater bodies.
Evidence from the IPBES ECA assessment indicates that water
flow regulation, as measured through water retention, stream
flow and base flow, shows mixed trends for ECA, with especially
decreasing trends for this NCP in the European Union.
Freshwater supply, indicated by renewable internal freshwater
resources available per capita (regardless of the purpose), has
generally decreased by 15% since the 1990s and up to 45% since
the 1960s (FAO 2016). Trends of the actual use and abstraction
of freshwater resources are mixed, with decreases in Western
Europe and notable increases in the rest of the ECA region. In
Western and Southern Europe, agriculture (39%) and energy
(23%) account for more than half of the sub-regions’ water use,
with public water supply responsible for 27%. However, water
abstraction by the energy sector is markedly higher in Eastern
Europe (45%) and Central Asia. Areas suffering from severe
droughts, mostly in Southern Europe and Central Asia are
typified by extremely high water abstraction by agriculture.
The IPBES ECA assessment also finds that regulation of water
quality has declined throughout the ECA region, predominantly
due to the conversion and loss of floodplains, wetlands and
other important habitats (60%). Other biophysical indicators of
water quality regulation included the ecological status of water
bodies and the concentrations and removal rates of nitrogen and
phosphor.
Box 3. Physical and psychological experience.
The physical and psychological experiences arising from
interactions with nature are often linked to different forms of
recreation (e.g. hiking and climbing), activities involving species,
for example birdwatching, and extractive recreational pursuits
such as hunting, mushroom gathering and fruit picking (Bell
et al. 2007; Seeland and Staniszewski 2007; Schulp et al. 2014).
Recreational fishing, birdwatching, water sports, whale-watching,
and swimming are some of the most popular recreational
activities based in marine and coastal systems (Beaumont et al.
2007; Ahtiainen et al. 2013). In 2016, 31% of the people surveyed
by the Eurobarometer mentioned nature as a determinant factor
for selecting tourist destinations (European Commission 2016). In
the European Union 38% of the area has been identified as
having high outdoor recreation potential (Paracchini et al. 2014),
especially locations containing coastal and freshwater systems
and broadleaved woodlands (Hornigold et al. 2016). Despite the
importance of nature for leisure and tourism the capacity for
nature-based recreation in ECA in recent decades has declined
because of land-use change (Liquete et al. 2016; Pietilä and
Fagerholm 2016). In urban areas green spaces provide valued
recreational experiences, such as walking and outdoor sports
(Baró et al. 2016; Smrekar et al. 2016). There are, however,
uneven trends in the availability of urban green spaces with
increases in Western Europe from 2000 to 2006 whereas in
Central and Eastern Europe most cities experienced a decline in
this period (Kabisch and Haase 2013).
Box 2. Food and feed.
The assessment found that overall food production from
agriculture in the region increased by 56% between the 1960s
and the 1990s. Since the 1990s the region has experienced
a marked drive towards mechanization and intensification of
fertile areas and an abandonment of mountainous and less
productive areas (Caraveli 2000), that caused a decline of 33% in
food production until 2014. Another indicator of intensification
of land use in the agricultural system is the share of cultivated
land per capita, which is currently decreasing in spite of the
increases in the production of some key crops such as cereals,
fruits, vegetables, and some processed crops such as olive oil
and rapeseed oil. Since the early 2000s meat and eggs
production, largely industrially fed with import-based
compounds, is increasing in the region, mostly influenced by the
growing production in Eastern Europe. Cattle represent the
largest share of livestock animals in ECA. Abundance of sheep
and goats, traditionally more associated with extensive and
pastoralist management systems, is declining. Maize for biofuels
and feed production have also seen rapid increases in the last
three decades, with for example an increase of more than 50%
in the production of industrial feeding compounds in the EU-28.
Particularly in the Mediterranean basin, food sovereignty and
health are largely influenced by these trends.
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for collective notions of RV. This is because the IPBES
ECA assessment was conducted at the regional scale and
synthesised evidence across social groups, study sites,
cases, and countries. It should be noted that due to the
limited set of published empirical studies that use relevant
indicators, the four RV dimensions for the three NCP are
covered to different extents. For instance, we could not
report on indicators for security and sovereignty for the
NCP physical and psychological experiences. In addition,
some of the indicators can be used inmore than one of the
four value and quality of life dimensions represented by
Figure 2. For example, the indicator of access to drinking
water can represent the importance of freshwater quality
for health and security, conditions by which people
develop their lives and achieve a fulfilled and meaningful
human life. The choices in any assessment over how to use
indicators in relation to value dimensions will depend on
the context and data availability.
2.1.1. Security and sovereignty
The meaning-saturated relationship of food, water
and energy security and sovereignty includes the
political, social, spiritual and cultural ways in
which food, water and energy are produced,
transformed, traded and consumed by and for
people. For example, pastoralists’ intimate rela-
tions to their animals, the relevance of food in
religious rituals and celebrations across cultures
all over the world, or the ways in which food
cultures define and represent people’s identities,
are some of the ways in which RV operate in
relation to the material-non material gradient
associated with NCP (Figure 2).
Water2, food3 and energy4 security have been
defined in different ways. The most widely used defi-
nitions (FAO 1996; UN 2010; UN-Water 2013) have
in common the dimensions of availability (in
a sufficient quantity), access (in physical and eco-
nomic terms) and stability (uninterrupted availabil-
ity). For water and food (as material NCP), the
quality dimension is also a pillar in the definition of
security (Norman et al. 2010; Ang et al. 2015; McNeill
et al. 2017) and utilization is also widely acknowl-
edged within the dimensions of security. All dimen-
sions of security mediate the physical relation of
people to food and the land providing it, and in
doing so they do not only contribute to the quality
of life via a sense of security, but also to health
(Weiler et al. 2014). Via intangible interactions asso-
ciated with cultural and emotional ties they also con-
tribute to social identity, heritage and stewardship
(Koohafkan and Altieri 2011). Cultural identity,
Figure 2. Framework of dimensions of relational values of Nature’s Contributions to People (NCP) and their relations with
different dimensions of people’s quality of life that were operationalized in the IPBES regional report for Europe and Central
Asia. Selected NCP have been chosen for this paper.
2Water security has been defined as ‘the capacity of a population to safeguard sustainable access to adequate
quantities of and acceptable quality water for sustaining livelihoods, human well-being, and socioeconomic develop-
ment, for ensuring protection against water-borne pollution and water-related disasters, and for preserving ecosys-
tems in a climate of peace and political stability’ (UN-Water, 2013).
3Food security is achieved ‘when all people, at all times, have physical and economic access to sufficient, safe and
nutritious food to meet their dietary needs and food preferences for an active and healthy life’ (FAO, 2014).
4Energy security has been defined as ‘the access to clean, reliable and affordable energy services for cooking and
heating, lighting, communications and productive uses’ (UN, 2010) and by the IEA (2019) as ‘the uninterrupted
availability of energy sources at an affordable price’.
54 M. SCHRÖTER ET AL.
emotional aspects and power issues embedded in
agrifood systems are also considered by the approach
of ‘food sovereignty’5 (Patel 2009), which is under-
stood as a condition for the full realization of the
right to food (De Schutter 2014), hence incorporating
also the issue of ‘justice’.
2.1.2. Health
The meaning-saturated relationship related to health
builds on the importance of living within an environ-
ment that has the key natural elements, including NCP,
crucial for human health (Figure 2). Health is defined as
‘a state of complete physical, mental and social well-
being and not merely the absence of disease or infir-
mity’ (WHO 2014). While health is determined by
a multitude of factors, nature and NCP are important
factors (Barton and Grant 2006; Naeem et al. 2016).
A diversity of nature-health interlinkages were concep-
tualised by the Millennium Ecosystem Assessment
(MA, Millennium Ecosystem Assessment 2005) and in
the World Health Organisation’s State of Knowledge
(SoK) review (WHO and CBD 2015). These linkages
and the contribution to a meaningful life through
achieving a good health include nature related health
benefits. Examples are the role of nature and NCP in
contemporary and traditional medicine (Heinrich and
Jäger 2015; Payyappallimana and Subramanian 2015),
the development of new pharmaceuticals supported by
bioprospecting and often based on lessons from tradi-
tional knowledge (Newman and Cragg 2016), food and
nutrition security (Hillel and Rosenzweig 2008;
Hodgkin and Hunter 2015) and the contribution of
non-material psychological and physical experiences
beneficial to health, e.g. the use of greenspace for psy-
chological health (Clark et al. 2014).
2.1.3. Equity and justice
Here the meaning-saturated relationship between peo-
ple and nature relating to equity and justice refers to the
contextualized held values of equity and justice with
respect to the distribution of NCP. This relationship
has overlaps with other human-NCP relationships, as
the distribution of food and water affects security and
health, while the distribution and access to land might
have an effect on human-nature connectedness and
thus on identity, heritage and nature stewardship.
Moreover, individual notions of what is equitable or
just can affect, for instance, the way a farmer acts
responsibly and takes stewardship for the land. Several
aspects of equity and justice are associated with NCP
and good quality of life (Schröter et al. 2017). We here
refer to justice as fundamental moral rights and
obligations, while equity comparatively evaluates rela-
tionships, including access and control among different
societal groups regarding NCP and nature. Distributive
equity and justice concerns the sense of a fair allocation,
among individuals, groups or stakeholders, of positive
and negative NCP resulting from management deci-
sions and resulting distributive effects on people’s
good quality of life (Daw et al. 2011; McDermott et al.
2013).
2.1.4. Heritage, identity and stewardship
The meaning-saturated relationship of heritage, iden-
tity and stewardship refers to the ways in which
nature contributes to the development and mainte-
nance of a sense of individual and social identity, and
stewardship of nature through both tangible and
intangible heritage. Heritage in its broader sense
refers to tangible places and objects and intangible
aspects (e.g. languages, practices) passed on from one
generation to another. Tangible and intangible heri-
tage associated with nature and NCP helps to main-
tain cultural meanings and a sense of identity (Klinar
and Geršič 2014). Nature contributes to heritage,
identity and stewardship dimensions through provid-
ing opportunities for spiritual, aesthetic and recrea-
tional experiences, learning and inspiration, as well as
for developing and maintaining indigenous and local
knowledge. These experiences are linked to both
material aspects of nature-related practices (e.g. hunt-
ing, fishing, etc.) and intangible ones, for example,
myths, legends and religious practices associated with
specific species and ecosystems (Daniel et al. 2012).
2.2. Synthesis approach
To find appropriate indicators of RV, we conducted
a systematic literature search, followed by a critical synth-
esis of the search results.Hence, the aimwasnot to findor
develop novel indicators, but rather commonly used
ones. The search method involved search strings used
to review the literature by the IPBES chapter authors.
These search strings6 consisted of terms related to the
specific NCP covered in this analysis as well as geogra-
phical search terms to cover the region and each of the
countries in the ECA region. This search was performed
between 2015 and 2017 using the Web of Science (WoS)
and the information was extracted from the 25 most
relevant (search filter in WoS) papers for each of the
subregions in ECA. Information about each type of RV
was searched for with the same method connected with
Boolean operators for specific value terms. For example,
the search string for NCP and RV associated with
5Expanding on food security, food sovereignty is defined as ‘the right of nations and peoples to control their own food
systems, including their own markets, production modes, food cultures and environments’ (Wittman et al. 2010).
6For the whole set of search strings, see: https://www.ipbes.net/sites/default/files/eca_ch_2_appendix_2.1_protocol_
of_the_systematic_review_used_for_chapter_2_of_the_eca_assessment.pdf.
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contextual justice and equity was: (‘ecosystem service*’
OR biodiversity OR nature OR ecosystem OR ‘natural
capital’ OR ‘green infrastructure’) AND (justice OR
equityOR fair* OR ‘access and benefit sharing’ORaccess
OR distribution OR ‘distributional justice’ OR ‘distribu-
tive justice’ OR ‘procedural justice’ OR intergenerational
OR intragenerational). In addition, the authors searched
grey literature and intermediary assessment reports,
which were subjected to two stages of peer-review of the
assessment report in which additional information was
added after expert consideration. Additional data on
corresponding indicators were obtained from global
and continental-scale databases (UNSTAT, FAOSTAT,
EUROSTAT,World Bank). Overall, this search related to
the generalising perspective ofNCP as elaborated byDíaz
et al. (2018), i.e. feasible for analytical purposes and striv-
ing for a universal applicability across contexts. Note that
indicators and related information were considered
appropriate for the ECA assessment if they i) inform on
status and trends over time (long term), ii) inform on the
outcome of a (policy) process or progress towards a target
(e.g. SDG, Aichi), and iii) are compatible with or applic-
able to the other regional assessments of IPBES.
Moreover, we conducted a content analysis of the
UNESCO document that resulted from the ECA
(Indigenous Peoples and local communities) Dialogue
Workshop in Paris (January 11th-13th 2016) and follow-
up discussions with the selected Indigenous and Local
Knowledge (ILK) holders and ILK experts (Roué and
Molnár 2017). The content analysis of the narratives of
the selected ILK holders, particularly herders, farmers
and foresters, contributed to ascertain the RV of NCP
through qualitative data. This search related to the
context-specific perspective of NCP as elaborated by
Díaz et al. (2018). Nine chapters of Roué and Molnár
(2017) were used for content analysis, which was con-
ducted using the MAXQDA programme. The analysis
included a reiterated review of the nine chapters that
aimed at identifying how each NCP was described by
the ILK holders and the reasons why they considered
these NCP important.
3. Results
The assessment of the four dimensions of RV in
Sections 3.1–3.4 identifies social-ecological indicators
(or proxies) that can represent the importance of the
three selected NCP for providing the conditions by
which people develop their lives and define them-
selves, i.e. fundamental RV, and achieve a fulfilled
and meaningful human life, i.e. eudaimonic RV.
These are summarised in Table 1.
3.1. Security and sovereignty
3.1.1. Regulation of freshwater quantity and
quality
Water security for the ECA region was mainly
assessed through the indicators ‘percentage of
population with access to improved drinking
water sources’ (World Bank 2016) and ‘freshwater
withdrawal as percentage of total renewable water
resources’ (FAO 2016). These two indicators act as
Table 1. Social-ecological indicators and proxies that represent the importance of the three selected NCP from the lens of
relational values.
Security and sovereignty Health Equity and justice
Heritage, identity and
stewardship
Regulation of
freshwater
quantity and
quality
- Percentage of population with
access to improved drinking
water sources (proxy)
- Freshwater withdrawal as
percentage of total renewable
water resources (proxy)
- Quality of drinking water
and natural water basins
(proxy)
- Percentage of population
with access to improved
drinking water sources
(proxy)
- Distribution of access to safe
and adequate drinking water
(regional differences) (proxy)
- Freshwater withdrawal as
percentage of total
renewable water resources
(intergenerational equity)
(proxy)
- Occurrence of cultural
practices and rituals
related to water bodies
and waterscapes
- Occurrence of traditional
beliefs related with water
Food and feed - Food availability: Average
dietary energy supply
adequacy; undernourishment
(proxies)
- Food stability: Per capita food
production variability (proxy)
- Food sovereignty: land
grabbing rates (proxy)
- Diversity of collected wild
food (proxy)
- Divergent regulation of rights
to use non-timber forest
products
- Total land grabs as percentage
of arable land (proxy)
- Occurrence of cultural
practices, traditional
experiences or rituals
related to wild food
- Number of practices related
with wild food in the List
of the Intangible Cultural
Heritage of Humanity
Physical and
psychological
recreational
experiences
NA - Access to recreational green
space (proxy)
- Distribution of access to urban
green space (proxy)
- Proportion of forests publicly
accessible for recreational
purposes
- Occurrence of local
traditions, products,
identities that contribute
to recreational experiences
in nature
- Level of contribution of
recreational experiences in
nature to local identity,
sense of place and
belonging
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proxies of RV since we assume a positive relation-
ship between the extent of the NCP of regulation of
freshwater quantity and quality and securing
a meaningful life of people in ECA. As noted
above indicators can relate to more than one
value dimension in keeping with the conceptual
recognition that values can overlap. Access to safe
and adequate water is an example of such an indi-
cator since it can relate to water security and to
health.
Throughout the region, water security has increased
since the late 1980s (FAO 2016; Gain et al. 2016; World
Bank 2016), despite increasing threats such as water
pollution and reduced water availability. Safe drinking
water is currently secured for 95% of the region’s
population, while freshwater extraction relative to
available freshwater resources has decreased from
30% to 15%. Therefore, these indicators of regulation
of freshwater quantity and quality suggest that nature
has contributed to water security in the region, thereby
supporting a meaningful life of people in ECA. In
Western Europe and Central Europe, water security
has remained stable since the late 1980s. Water scarcity
and water stress in most of the Western and Central
Europe have decreased since the 1990s, but remains
threatened by overexploitation for agriculture and
energy purposes, and climate change. Structural water
stress was reported for around 20 river basins, such as
the Danube and most of the Mediterranean region
(Skoulikidis et al. 2017). Both in Eastern Europe and
Central Asia, water security is increasing somewhat but
remains unstable. Access to improved drinking water
has increased to 95% and 85%, respectively. Sustainable
freshwater extraction in Eastern Europe has increased
by 10% and seems to have decreased in Central Asia
(Alexander and West 2011). Karabulut et al. (2016)
identified several Danube river sub-basins in Eastern
Europe as being at risk of becoming water scarce.
Climate change and excessive water abstraction espe-
cially pose a threat to Central Asia, which is considered
to be facing water scarcity (Gain et al. 2016; UNEP and
UNECE 2016).
3.1.2. Food and feed
Several proxies (e.g. food availability, accessibility,
stability) can indicate how the NCP of food and
feed contributes to food security and in doing so,
supports a meaningful life of people in ECA.
Overall, food security is ensured in the ECA region,
though some dimensions show great differences
across subregions (data from FAO (2017)). Food
availability, for instance, is adequate, with an average
dietary energy supply adequacy ranging from 137% in
Western Europe to 121% in Central Asia. There was
a decline during the last decade of the twentieth
century in Central Asia, but since the early 2000s it
has been increasing or stable. Food accessibility and
utilization varies between subregions. Since the 1990s,
undernourishment has been very low in Central and
Western Europe, while in Eastern Europe, it reached
almost 45%. In Central Asia, undernourishment has
fluctuated and currently still reaches 20%, while in
Eastern Europe it has been reduced to 7%. Regarding
food stability, per capita food production variability
has followed differing trends within the region, with
an increasing tendency of 45% on average in the
region since 2010, particularly in Central Asia (75%)
and Eastern Europe (64% and the highest variability),
what might be considered a threat to food security.
Beyond food security, food sovereignty is threatened
by land grabbing, i.e. large-scale control of extended
tracts of land by large investment companies (van der
Ploeg et al. 2015), frequently from abroad. The real
magnitude of this phenomenon, which leads to crop
production being intensified and oriented to distant
markets other than local needs, is not captured by
official statistics (TNI 2016) due to the lack of records
of transactions between legal entities that often act
through their subsidiaries or partner companies
(Constantin et al. 2017). The only available data docu-
mented 51 cases occupying a total area of 4.4 million ha
in ECA in 2012. Russia, Ukraine and Romania have
been reported as the countries with the largest land-
grabbed areas by European companies (GRAIN 2016).
ILK holders who use and control the land also
acknowledge the security dimension of food and
feed, value local ‘wild’ forages relative to cultivated
fodders from markets. For example, a Sami herder
acknowledged ‘[Arboreal lichen] is a fantastic food for
reindeer under catastrophic grazing conditions. There
is no such feedstuff to buy with money. Even for money
I don’t think we would accept that they cut a forest full
of arboreal lichen. There is no forage to place on level
with arboreal lichen’ (Roturier et al. 2017).
3.2. Health
3.2.1. Regulation of freshwater quantity and
quality
Both access to and the quality of water sources are
crucial to human health and build the foundation for
the relationship between people and nature regarding
the importance to live in a healthy environment. The
indicator ‘access to safe and adequate water’, which was
also one of the two indicators for security and sover-
eignty, generally is increasing in the ECA region.
Water quality remains a major challenge, especially
in Eastern Europe and Central Asia. In the
Mediterranean region water quality is strongly affected
by lower water flow regulation and water scarcity, and
many European waterbodies remain affected by dis-
solved inorganic nutrients and pesticides (EEA 2015b).
Water pollution in someWestern andCentral European
countries has decreased, but in Eastern Europe and
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Central Asia on-going water pollution remains a threat
for the availability and quality of drinking water (UN-
Water 2011). In addition, decreased water levels in
natural reservoirs have led to increased water pollution
and health threats in those regions, especially in the Aral
Sea region and rural Tajikistan (Carpenter et al. 2006;
UN-Water 2011). Despite a lack of systematic reviews of
the positive or negative effects of waterbodies (‘blue
space’), they can have many types of influences on
health (Völker and Kistemann 2011). Non-
communicable diseases may be associated with con-
taminated water, whereas positive associations with
mental health might be even stronger for blue than it
might for green space (de Vries et al. 2016).
3.2.2. Food and feed
There is well-established general evidence regarding the
contribution of biodiversity to food and nutrition secur-
ity and nutrition diversity (Hillel and Rosenzweig 2008;
Hodgkin and Hunter 2015). For ECA, data are limited
to the cultural and economic significance of wild foods
which indicates the role such food plays in dietary
diversity (Łuczaj et al. 2013; Schulp et al. 2014), which
in turn might affect human health. Schulp et al. (2014),
for instance, identified 38 species of game, 27 species of
mushrooms, and 81 species of vascular plants that are
regularly hunted, collected and consumed in the
European Union, with over 100 million European
Union citizens consuming diverse forms of wild food
each year. There is evidence that the activities of collect-
ing and consuming wild foods in the European Union
are also relevant to build meaningful relationships with
nature in terms of a sense of place and a sense of
belonging in nature Schulp et al. (2014).
Evidence also shows that dietary diversity may be
associated with certain non-communicable disease
risks, though this is also moderated by the effects of
lifestyle and other socio-economic factors (Johnston
et al. 2014; Hunter et al. 2015).
3.2.3. Physical and psychological experiences
The RV linked to the non-material NCP of physical
and psychological experiences include impacts on
mental and physical well-being arising from exposure
to and experiential aspects of nature. The impacts of
this NCP on human health can vary markedly geo-
graphically and amongst groups of people because the
effects of biodiversity and NCP on human health are
influenced by the characteristics of different types of
communities and natural environments (Horwitz and
Kretsch 2015; van den Berg et al. 2015). Indicators for
access to green space suggest that there was an overall
increase between 2000 and 2006 in urban green
spaces in Western Europe but this was accompanied
by a decline in cities in Eastern and Central Europe
(Kabisch and Haase 2013). In the EU access to green
recreational spaces was also found to reduce
differences in mental well-being between groups of
people (Mitchell et al. 2015) but other research shows
that a wide range of other cultural, social, and eco-
nomic factors also influences the strength and nature
of the linkages between greenspace and health (Clark
et al. 2014). In addition, recreational experiences in
nature that contribute to local traditions, products
and identities show varying patterns of change. The
collection of wild products such as fruits, nuts, mush-
rooms, berries and truffles is more prevalent in
Western Europe than Central and Eastern Europe
but the diversity of wild plants collected has declined
in both Western and Central Europe (Reyes-García
et al. 2015). At the same time the revival of ‘tradi-
tional’ cuisines has maintained the use of certain wild
edible plants (Schulp et al. 2014). The effect on men-
tal health of physical and psychological experiences
linked to nature is also clearly acknowledged by ILK-
holders, such as herders: ‘For me, this means relaxa-
tion. I have time to watch the wildlife, game and
birds’ (Kis et al. 2017).
3.3. Equity and justice
3.3.1. Regulation of freshwater quantity and
quality
Distributive equity and justice as contextualized held
values refer to the distribution of NCP across ECA,
within subregions and between different social groups
(intragenerational) and between generations (interge-
nerational). Strong regional differences of access to
sufficient and clean drinking water, water flow and
water quality regulation were noted in the assessment.
In addition, unsustainable water resources exploitation
will affect the water availability of future generations
and therefore their ability to achieve a meaningful life
(Falloon and Betts 2010; EEA 2015a).
Regions in Europe with high water flow regulation
are characterized by large areas of natural vegetation
or less intensive agriculture (Stürck et al. 2014),
whereas river basins and areas with densely populated
cities and intensive agriculture are currently water
stressed. The same counts for areas with poor water
quality, which is furthermore affected by upstream
land-use intensification and the excessive nutrient
use. Furthermore, the northern part of West and
Central Europe showed higher or more stable water
flow regulation as compared to the south, i.e. most
Mediterranean countries as well as Austria and
Germany (Stahl et al. 2012; Vidal-Abarca Gutiérrez
and Suárez Alonso 2013; Skoulikidis et al. 2017).
The access to safe and adequate drinking and
irrigation water is substantially lower in Eastern
Europe and Central Asia, with notable difference
within Central Asia too. Fifteen percent of people in
Central Asia and 5% in Eastern Europe lack access to
safe drinking water, compared to less than 1% in
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Western and Central Europe. Climate change and
unsustainable water use make the former more vul-
nerable (FLERMONECA 2015; Karabulut et al. 2016).
Furthermore, high upstream water abstraction and
uneven distribution have continued to threaten
water security in Central Asia (Abdolvand et al.
2015; Conrad et al. 2016). The health of children in
Central Asia is disproportionately threatened due to
a lack of access to safe drinking water, especially in
the Aral Sea region and rural Tajikistan (Carpenter
et al. 2006). This demonstrates the overlap between
different dimensions of RV: equity as a held value
concerns security and health. Finally, the overall
decrease of freshwater availability and largely increas-
ing trends of freshwater extraction indicateconse-
quences for future generations and thus matters for
intergenerational equity.
3.3.2. Food and feed
With respect to food and feed, the IPBES ECA assess-
ment notes the differential access of people to non-
timber forest products as an indicator for distributive
equity associated with access to NCP. Access to for-
ests is regulated differently across the region, allowing
free access of everyone to forests (freedom to roam,
or ‘everyman’s right’) in the Nordic countries and in
some other countries (e.g. Germany, Austria, Czech
Republic, Hungary) (Bauer et al. 2004) or access
through community-based governance as commons
(Guadilla-Sáez et al. 2017). This enables different
social groups to develop held values of justice and
equity by collecting food in forests without payment,
and hence not excluding people based on lack of
ability to pay. In other countries permission or pay-
ment of charges can apply in private forests (e.g. in
Croatia, Cyprus, France, UK, Turkey) (Bauer et al.
2004), which could potentially exclude social groups
who cannot afford the charges.
3.3.3. Physical and psychological experiences
The IPBES ECA report found a case-based indica-
tion of uneven distribution of recreation opportu-
nities across social groups. For instance, UK
protected areas are actively used by older people
and men (privileged social groups), and less so by
minorities (Booth et al. 2010). A similar unequal
pattern has been observed in access to green space
in European cities that provide opportunities for
recreation. It has been found that residential areas
with specific ethnic groups (Comber et al. 2008) or
a high proportion of immigrants (Kabisch and
Haase 2014) have a lower share of urban green
space, leading to unequal distribution of the possi-
bility to recreate. Unequal access to green space has
also been found across regions in Europe, with
cities in northern, western and central parts offer-
ing more opportunities to recreate than cities in the
south (Kabisch et al. 2016). Comparable to the
access to forests for the collection of non-timber
forest products, the right to enter forests for recrea-
tional purposes is unevenly distributed across ECA.
While high proportions of forests (98–100%) are
publicly accessible for recreation in Scandinavia,
the Baltic states and other Central European coun-
tries with high forest covers (e.g. Bosnia and
Herzegovina, Slovenia and Serbia), considerably
lower levels of public access to forests are reported
for some Western European countries (UK: 46%,
France: 25%) (Forest Europe 2015).
Figure 3. Hıdrellez rituals continue actively in the Northern Aegean Kaz Mountains of Turkey where the Turkmen settlers wash
their face before the break of dawn in order to receive health and bounty of the river waters. Photo © Solmaz Karabaşa.
ECOSYSTEMS AND PEOPLE 59
3.4. Heritage, identity and stewardship
3.4.1. Regulation of freshwater quantity and
quality
Freshwater is among one of the most significant
natural elements that intricately ties humans with
nature based on specific belief and knowledge sys-
tems. IPBES ECA assessment has demonstrated that
many traditional knowledge systems in ECA depict
ecosystems fully alive (Berkes et al. 1998) where water
elements help providing meaning and interpreting
the world and humans’ place in it (Verschuuren
2006). For example, an active ritual throughout the
Turkic world continues celebrating the awakening of
nature on Hıdrellez day with rites that are dependent
on water (Walker and Uysal 1973) (Figure 3). Hızır
prophet is revered and associated in the folk mind
with fertility, with the annual renewal of vegetation,
and with the seasonal life cycle – all of which are
dependent on water. These ceremonies generally take
place in nature, near sources of water, or near tombs
and shrines. In rituals before sunrise on that day,
Turks construct, in their gardens, models of the
things they wish for most such as good health, or
write their wishes on pieces of paper which are then
either released into rivers and other waterbodies or
hung on trees. Other pre-dawn rituals include wash-
ing one’s self in streams and collecting morning dew
believed to have healing properties.
Throughout the ECA region, ILK evidence also
supports the importance of freshwater quantity and
quality regulation. A local forester in Western
Ukraine is sensitive to the changes of acorn produc-
tion of pedunculate oaks due to climate change effects
on freshwater. He states: ‘The trees are old and I can
almost say that they are not fruiting. And until there
was no such drought it was possible to collect acorns.
But now, since there is this big drought, what the tree
fruits falls down is almost entirely wormy.’ (Demeter
2017). In the boreal region, a Sami reindeer herder
expresses their need to adapt to varying water abun-
dance on the ground: ‘Maybe it starts to snow in mid
November, so we get 10–20 cm of snow. Then comes
a thaw weather that melts the snow cover so there’s
only water left. In the meantime, the ground has frozen
by the end of October. So the ground doesn’t let
through the water anymore: it pools on the ground
instead, especially in dry, lichen-rich pine forests.
And soon it’s icing [on top of the lichen]. It can be
better where you have thicker humus where the ground
lets through the water.’ (Roturier et al. 2017).
3.4.2. Food and feed
With regards to food and feed, the RV perspective of
heritage, identity and stewardship was demonstrated in
the IPBES ECA assessment through references to cul-
tural practices that enhance identity and preserve ILK.
Many recreational activities related to food, such as
mushroom collecting and berry picking are part of
culture and tradition in many Western and Central
European countries (de Aragón et al. 2011; Schulp
et al. 2014; Hansen and Malmaeus 2016). The current
revival of practices linked to ‘traditional’ cuisine
observed in many countries has helped preserve these
traditions and their RV (Schulp et al. 2014; Reyes-
García et al. 2015). Traditions and rites related to food
also form an important part of intangible heritage in the
ECA region. Out of 130 elements of intangible heritage
from countries in ECA currently inscribed on the List of
Intangible Cultural Heritage (UNESCO 2003), 53 are
directly linked to nature and many of those are asso-
ciated with traditional practices of collecting food from
wild sources and traditions and rituals linked to food
preparation.
Finally, the narratives of ILK-holders also showed
the importance of feed in terms of stewardship and
identity: ‘We live 100% on grass./The way I see it, if
there’s no livestock, then I don’t exist either. No money,
no family/I see myself as a herder, so it’s very important
for a calf to reach the right weight as soon as possible,
without fodder, only eating grass and drinking its
mother’s milk. That’s a source of pride to me, that’s
why I see myself as a herder.’ (Molnár et al. 2017).
3.4.3. Physical and psychological experiences
In ECA, the values of cultural heritage, identity and
stewardship are partly linked to how outdoor spaces
provide opportunities for leisure, tourism, learning and
knowledge acquisition. For example, in rural areas of
Western Europe, local traditions, products, identities
and knowledges contribute to the growth and develop-
ment of tourism and recreation activities (Parrotta and
Agnoletti 2007; Fernández-Giménez and Fillat Estaque
2012). In urban areas of Western and Central Europe,
recreation and leisure are often identified by residents
as the most important benefits derived from urban
green spaces partly because of the emotional attach-
ment that people develop to particular spaces (Bolund
and Hunhammar 1999; Casado-Arzuaga et al. 2013;
Mocior and Kruse 2016). Stewardship related to green
spaces and ecosystems can be enhanced in locations
where outdoor learning provides additional value for
learners and teachers in terms of awareness raising and
knowledge acquisition (Mocior and Kruse 2016). The
importance of physical and psychological experiences
to contribute to local identity, sense of place and
belonging is strongly expressed by ILK holders, parti-
cularly herders: ‘This is like home, you can’t tell it. It has
to be felt. This is the single sentence you can say. You
don’t have to add anything else. In springtime when you
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go out and smell the fresh air, it cannot be told, the feeling
of how wonderful it is’ or ‘I lived in a farmstead since
I was a kid, livestock and nature for me are one and the
same.’ (Kis et al. 2017).
4. Discussion
In this paper, we aimed to explore evidence of, and
indicators for various dimensions of RV (see Table 1),
as they connect to people’s meaningful lives, that are in
turn connected to three different NCP in the ECA
region: Regulation of freshwater quantity and quality
(a regulating NCP), Food and feed (a material NCP),
and Physical and psychological recreational experiences
(a non-material NCP). For each NCP, we considered
social-ecological indicators (and proxies) associated
with four dimensions of RV as they relate to people’s
good quality of life: security and sovereignty, health,
equity and justice, and heritage, identity and steward-
ship. We first discuss the linkages between different
dimensions of RV, and where RV fit in the gradient
between instrumental values and intrinsic values
(Section 4.1). We then summarise and reflect upon
the identified indicators that may be used to evidence
RV of NCP (Section 4.2). We discuss how the inclusion
of ILK has contributed to the assessment (Section 4.3)
and highlight telecoupling as an emerging issue in the
assessment of RV (Section 4.4). Finally, we explore the
implications of our findings for incorporating RV for
the science-policy interface and future IPBES assess-
ments (Section 4.5).
4.1. Relationships between different dimensions
of relational values
In this paper, we have defined RV as the ‘values that
contribute to desirable relationships, such as those among
people and between people and nature” (Pascual et al.
2017a; IPBES 2018, p. 817). However, there is some
debate in the academic literature as to whether RV
should be considered as a discrete value category that
lies between instrumental and intrinsic (Himes and
Muraca 2018), or whether it sits along a fuzzy gradient
between purely utilitarian/instrumental and biocentric/
intrinsic values (Pascual et al. 2017a). In our analysis, we
find that it is often not possible to depict clear bound-
aries between instrumental, relational and intrinsic
values. Food, for instance, has instrumental aspects of
mere survival, and hence a strong instrumental dimen-
sion. However, food is culturally crucially important
and the way it is produced and used connects people
to their land and culture (IAASTD 2009; Hill et al.
2019). Another example is a physical and psychological
experience. This has instrumental dimensions if people
go for a walk with the purpose of feeling healthier, but it
also has relational dimensions since experiencing nat-
ure physically and psychologically contributes to
ameaningful life, i.e. eudaimonic RV, and allows people
to define and develop themselves as human beings
through such experiences, i.e. fundamental RV. In addi-
tion, if physical and psychological experience involves
contemplation of nature then it may also connect to
intrinsic values (Callicott 2006). Based on this observa-
tion, we concur with the argument of Pascual et al.
(2017a) that there exists a continuum or gradient from
instrumental to relational to intrinsic values.
Our findings suggest strong overlaps and syner-
gies between different value dimensions, especially
security and sovereignty, health, and equity and
justice. Both water and food security go beyond
the issue of security, as they involve access to suffi-
cient amounts of water and food that should also
meet quality standards and cultural adequacy. Not
meeting these requirements has profound conse-
quences for public health and cultural identity. As
a result of the overlaps and synergies, some indica-
tors proved informative on multiple value dimen-
sions. Although this might not be desirable in the
light of ‘double-counting’ and avoiding overlap, it
can be considered useful for the context of large-
scale assessments, considering the ease with which
progress towards targets can be monitored and data
can become available.
4.2. Social-ecological indicators for relational
values in Europe and Central Asia
Our study identifies ways to empirically measure the
importance of RV across four dimensions (security and
sovereignty, health, equity and justice, and heritage,
identity and stewardship) and associated to three key
NCP.Considering the context of the IPBES assessments,
the findings needed to be based on readily available
information (state of the art rather than newly devel-
oped and synthesized). Also, the indicators needed to
inform on status and long-term trends of RV as well as
other criteria, which naturally limit the number of
social-ecological (place-based) indicators.
We argue that RV are an important component of
human-nature relationships and NCP, and therefore
these values should be taken into account in policy
decisions. However, we also note that there is significant
variability in terms of the current availability of evi-
dence on RV of NCP in ECA. Particularly, evidence of
RV in Central Asia is largely missing. Evidence of RV in
ECA was collected using searches of a mix of academic
and grey literatures, as well as sources of ILK. One of the
difficulties encountered was that the term ‘relational
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values’ is relatively new, and therefore other search
terms relating more broadly to the RV concepts were
used including terms associated with nature and eco-
system services, as well as terms related to the four
assessed dimensions of RV.
In our assessment, we identified social-ecological
indicators and proxies, ranging from biophysical indi-
cators (e.g. quality of drinking water) to indicators that
intersect socio-economic with biophysical data (e.g.
access to urban green space or extent to which free use
of non-timber forest products is allowed). This variabil-
ity in indicators was particularly evident given the diver-
sity of cultural backgrounds across ECA and the
different NCP considered in this study. We note that
different data sources are required to evidence the dif-
ferent indicators of RV, for example, FAO data, survey
data, or collections of rites and practices. Significant
data gaps are apparent, in particular on the distribution
of and access to different NCP, concrete health-related
indicators specifically for the region, or records of
rituals, practices and traditional experiences concerning
nature and NCP. As such, we did not identify
a definitive suite of indicators that could be applicable
across the whole ECA region and across NCP but cer-
tain useful indicators are set out in Table 1 above.
A major question is to what extent the social-
ecological indicators selected for the ECA assessment
indicate a direct or indirect connection with RV.
Some of these indicators, we argue, are straightfor-
ward and can shed light on meaning-saturated
(direct) relationships in a quantitative way. For exam-
ple, the number of cultural practices and rituals
related to wild food that are considered in the List
of the Intangible Cultural Heritage of Humanity
(Table 1) is an indicator that clearly shows the impor-
tance of the material NCP of food through the lenses
of RV since it illustrates how cultural identity can be
reinforced through active experiences with wild food
in nature. Other indicators are associated with RV
more indirectly and as such, they are considered
proxies in Table 1. For instance, access to safe and
adequate drinking water (Table 1) purveys a picture
about distributional equity (in terms of regional dif-
ferences), the importance of living in a healthy nat-
ural environment, and the related security to fulfil
needs for drinking water. The same holds for access
to urban green space (Table 1), which can be distrib-
uted unequally across groups, hence portrays an
equity relationship, and can have differentiated
effects on health, while portraying the importance of
living in a healthy natural environment. Such indica-
tors, however, are not able to directly reveal that and
how people value such relationships actively. For
proofing such relationships, place-based research is
needed. For example, by conducting social surveys
Arias-Arévalo et al. (2017) found several RV in the
narratives about the importance of the Otún river
watershed (Colombia) for people. Similarly, Klain
et al. (2017) conducted social surveys in Costa Rica
and the United States to unravel why people conserve
nature. Gould et al. (2019) found five long-standing
Hawaiian RV, i.e. righteousness and balance; spiri-
tuality, care; right and responsibility; and love and
connection – after reviewing the body of information
regarding traditional knowledge about relationships
between humans, spiritual entities and nature.
It is important to note that an increase of access to safe
and adequate drinking water does not necessarily imply
that people in ECA have increasingly developed relation-
ships with nature or have increasingly found nature
meaningful since the contribution of this NCP to water
security also depends on anthropogenic assets (e.g. tech-
nology, investments) (Palomo et al. 2016). In fact, given
the co-production of this NCP by natural and anthropo-
genic capitals (Palomo et al. 2016), it is difficult to tease
out the RV underpinning the importance of this NCP for
people in ECA at the continental scale. Food security is
also increasingly depending on anthropogenic assets (e.g.
agrochemicals, technology, investments), which indeed
might have jeopardized the construction and preserva-
tion of meaningful relationships between people, nature
and the land. The indicator hence only provides evidence
on how the co-production of food and feed by nature and
anthropogenic assets (Díaz et al. 2015) supports food
security in the ECA region. Thus, when NCP are co-
produced by technology, alternative indicators need to
be developed that reflect upon relative natural contribu-
tions. Large-scale data for such indicators is, however,
largely lacking.
Other indicators which were used to assess RV and
related quality of life across a large region can rather be
considered as proxies for RV (Table 1). For instance, the
proportion of forest accessible for recreational purposes
can indicate how evenly the access to forests is distrib-
uted among countries, being an indicator for equity and
justice, but says little, for instance, about the actual use
of forest by different groups and how that use fosters
meaningful relationships with forests. Therefore, the
proportion of forest accessible for recreational purposes
can be considered a proxy for RV (Table 1). The list of
indicators and proxies for RV is hence a first step and
not a comprehensive list. In this sense, future place-
based research that seeks to elicit and uncover RV is
essential for developing a more complete and compre-
hensive list of indicators.
4.3. Inclusion of indigenous and local knowledge
to assess relational values
A novel contribution of the IPBES conceptual frame-
work is that it explicitly considers the contribution of
ILK for the assessment of NCP (Díaz et al. 2018) and
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for their valuation (Pascual et al. 2017a). The ECA
assessment did not fully succeed in accomplishing
such inclusion because of the limited representation
of ILK-holders in the Dialogue Workshop in Paris
(January 11th-13th 2016) (Roué and Molnár 2017).
Yet, the participation of ILK holders who practice
ILK in their everyday lives was relatively high, and
therefore this dialogue and the resulting report (Roué
and Molnár 2017) offer a rich picture of the impor-
tance of nature and NCP for farmers, shepherds,
herders, foresters and Sami people in Europe.
However, the RV uncovered through ILK in this
paper are not comprehensive and do not represent
the RV expressed by other Indigenous Peoples and
local communities in ECA. The methodological
approach that includes the ILK Dialogues and an
extensive ILK literature review guaranteed the meth-
odological soundness of this approach (Tengö et al.
2017; Hill et al. 2019). Hence, this approach is one of
the first to apply the context-specific perspective in
addition to the generalizing perspective, as outlined
by Díaz et al. (2018).
It has been recently argued that RV have the poten-
tial to include ILK and the perspectives of Indigenous
Peoples and local communities in environmental man-
agement (Sheremata 2018). Likewise, this research
shows that ILK can be a reliable source to uncover
RV, interlinkages between RV and overlaps between
RV (bundles of RV dimensions) and intrinsic and
instrumental values. For example, the narrative by
Hungarian herders about the importance of grass for
their livestock shows the synergies between the RV of
security (‘We live 100% on grass./The way I see it, if
there’s no livestock, then I don’t exist either. No money,
no family’), identity and stewardship (‘I see myself as
a herder, so it’s very important for a calf to reach the right
weight as soon as possible, without fodder, only eating
grass and drinking its mother’s milk. That’s a source of
pride to me, that’s why I see myself as a herder’). This
narrative also shows that although herders consider the
notion of care with regards of plant species in the grass-
lands (‘I took water and watered it [the plant, Asclepias
syriaca], goat doesn’t eat it’), their relation with these
plants is, however, intertwined with an utilitarian
approach and thus with instrumental values (‘I know
them [pasture plant species] as long as they are good for
me, I am into it [= learning/knowing them] because I am
interested’) (Molnár et al. 2017). This result is consistent
with the findings from Arias-Arévalo et al. (2018) and
Sheremata (2018), who found that although Indigenous
Peoples and local communities expressed the impor-
tance of nature in instrumental terms, instrumental
values coexist with multiple RV. In the same fashion,
the act of using certain local, e.g. ethnoveterinary prac-
tices has been shown to be tightly linked with the
maintenance of transhumant herding practices, cultural
identity and therefore generational turnover (Oteros-
Rozas et al. 2013). The nuances of ILK narratives also
support recent findings regarding RV. For example, the
notion of care as a RV that leads to the expression of
other RV, such as identity and stewardship (Jax et al.
2018; West et al. 2018).
4.4. Telecoupling as an emerging issue for the
assessment of relational values
Telecoupling, i.e. the intricate linkage of regions
through, e.g. interregional flows of NCP (Schröter
et al. 2018) has been identified as an emerging issue
in the assessment of RV in the IPBES ECA assess-
ment. One of the clearest examples of telecoupling is
global food trade, which has implications for RV
related with equity. The distribution of benefits and
costs of production and consumption is not evenly
allocated among regions and social groups (Martínez-
Alier 2002; Jax et al. 2013), but rather global distribu-
tion of consumption and production patterns place
environmental burdens on distant regions (Pascual
et al. 2017b) and thus affect global intragenerational
equity. For instance, the global trade of soy for animal
feed in Europe implies land-use change and intensi-
fication associated with production in Latin America
and is happening at the cost of natural habitats and
rural and indigenous peoples. These are displaced
from their customary territories and their connection
with nature, sense of place and identity are eroded
(Wolford 2008; Leguizamón 2016). Local commu-
nities in producing countries of goods like soy for
animal feed in the global South are therefore often
losers while consumers in the global North often are
winners (e.g. Leguizamón 2016). In the agrifood sys-
tem, these distributional injustices tighten through
the effects of land grabbing (Rulli et al. 2013). In
Europe, land grabbing, promoted in order to conso-
lidate intensive agriculture, occurs mostly in the
Eastern and Central countries, particularly in
Hungary and Romania, in some of the most fertile
agricultural lands and water sources for irrigation
(Antonelli et al. 2015; Constantin et al. 2017). This
practice frequently excludes social groups in the
respective countries from acquiring benefits from
agriculture and experiencing the RV derived from
their lands: it not only jeopardizes the dimension of
food security and sovereignty by controlling the land,
but it also impacts the dimension of identity, heritage
and stewardship, by accelerating the decline of farm-
ers’ place attachment, the sense of belonging, the
local and traditional knowledge (Hartel et al. 2018;
Martín-López et al. 2019), the social and demo-
graphic evolution of communities, the local econo-
mies and traditional livelihood activities as well as
governance on the right to food (Borras et al. 2011;
Schoneveld 2014).
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4.5. Outlook for IPBES work on values and work
at the science-policy interface
Indicators are devices which communicate knowledge
and information to governance and decision-making
processes. Creating a balance between credibility, sal-
ience, legitimacy and feasibility of such indicators is
a task that can only be fulfilled in dialogue between
the information demand from decision-makers and
the knowledge overview from the diverse scientific
disciplines involved (van Oudenhoven et al. 2018).
The indicators presented here and summarised in
Table 1 are the result of such a science-policy dialo-
gue and are used as proxies for RV in the ECA
region. This process, however, had some clear limita-
tions. For instance, the aim of IPBES to assess nature,
NCP and quality of life still suffers from a historical
bias towards the natural sciences and a limited invol-
vement of social sciences and humanities (Vadrot
et al. 2016). Although the IPBES assessments have
impressively broadened the biodiversity assessment
community, the initial recruitment was still drawn
mainly from the pool of natural scientists available
through the biodiversity national focal points and
science-policy networks. Another major factor influ-
encing valuation outcomes is the disciplinary bias: the
choice of valuation method (Harrison et al. 2018)
heavily determines the outcomes (Jacobs et al.
2018). Deeper inclusion of socio-economic and ILK
expertise in all elements of the IPBES work pro-
gramme will provide a richer picture of potential
indicators concerning RV associated with nature
and NCP. The ongoing Values Assessment of IPBES
aims to address this social-science deficit. Ideally, the
diverse socio-economic effects of (changes in) nature
and its contributions are inventoried first and in full
diversity, upon which diverse disciplines and knowl-
edgeable actors concerning these impacts would be
representatively engaged. The on-going Values
Assessment of IPBES will furthermore conceptualize
values and assess valuation methods.
There is a strong need to close data gaps and
further operationalize RV. The operationalization of
a framework to assess RV of NCP to support the
science-policy interface can be fostered by developing
a strategy to coordinate the monitoring of how these
values change over space and through time and how
they can be best framed to inform policy design. The
identification of Essential Variables, that is the mini-
mum set of dimensions that can be feasibly and
coherently monitored, has been already quite useful
for the identification of Essential Climate Variables
(Bojinski et al. 2014), Essential Ocean Variables
(Miloslavich et al. 2018), Essential Biodiversity
Variables (Pereira et al. 2013), and Sustainable
Development Goal Variables (Reyers et al. 2017).
Such an approach can certainly contribute to enhance
the coordination of current efforts and mainstream
findings on RV for a range of users. In this work, we
already identified four dimensions of RV, with
respective indicators. The effort presented here can
constitute the first step towards identifying an initial
set of Essential Variables for Relational Values of
Nature’s Contributions to People.
5. Conclusion
The notion of RV is currently developed and further
conceptualised as one of the multiple ways in which
NCP can be valued as contributing to people’s good
quality of life. Although earlier large-scale assessments
may not have explicitly focussed on RV of biodiversity
and ecosystems, some of the human-nature relation-
ships associated with RV are apparent. For example, the
Millennium Ecosystem Assessment (www.millenniu
massessment.org/) included case studies of recreational,
cultural, spiritual and other values that contribute to the
MA’s five constitutes of human well-being: basic mate-
rials for life, health, security of resources, social relation-
ships and freedom of choice. Similarly, the reports of
The Economics of Ecosystems and Biodiversity (TEEB)
initiative (www.teebweb.org) provided data on non-
instrumental values that have links to RV. However,
these assessments do not provide a comprehensive ana-
lysis of RV as these assessments were undertaken before
the concept of RV was coined in 2016 (Chan et al.
2016); instead these assessments tended to conflate
these values with instrumental values because of their
anthropocentric nature. IPBES is taking major steps to
advance knowledge and understanding on RV. The
IPBES ECA assessment has spelled out a first set of
social-ecological indicators (and proxies) associated
with RV as they contribute to a meaningful life of
people. These indicators might be used and further
developed by future national ecosystem assessments,
IPBES assessments and the IPBES knowledge and data
Task Force (https://www.ipbes.net/knowledge-data).
From the assessment of these values across a large and
culturally different regions, such as ECA, we conclude that
many of the identified indicators can be considered as
useful proxies since they portray an idea about these
values in a quantitative way that goes beyond conceptua-
lisations of RV. However, large data gaps remain for all
four dimensions of RV considered.We consider it impor-
tant to acknowledge RV at the science-policy interface and
in decision-making as they are an essential set of values
that people hold about their environment and that go
beyond instrumental relations.
Acknowledgments
We acknowledge all lead and contributing authors as well as
reviewers of the Chapter 2 of the Regional Assessment for
64 M. SCHRÖTER ET AL.
Europe and Central Asia of IPBES for inspiring discussions.
We thank three anonymous reviewers for their feedback,
which has helped to improve an earlier version of the paper.
Disclosure statement
No potential conflict of interest was reported by the
authors.
ORCID
Matthias Schröter http://orcid.org/0000-0003-0207-7311
Michael Christie http://orcid.org/0000-0002-8346-9140
Andrew Church http://orcid.org/0000-0003-4863-8794
Alexander P. E. van Oudenhoven http://orcid.org/0000-
0002-3258-2565
Patricia Balvanera http://orcid.org/0000-0001-6408-6876
Sander Jacobs http://orcid.org/0000-0003-4674-4817
Unai Pascual http://orcid.org/0000-0002-5696-236X
Berta Martín-López http://orcid.org/0000-0003-2622-
0135
References
Abdolvand B, Mez L, Winter K, Mirsaeedi-Gloßner S,
Schütt B, Rost KT, Bar J. 2015. The dimension of water
in Central Asia: security concerns and the long road of
capacity building. Environ Earth Sci. 73:897–912.
doi:10.1007/s12665-014-3579-9.
Ahtiainen H, Artell J, Czajkowski M, Hasler B,
Hasselström L, Hyytiäinen K, Meyerhoff J, Smart JCR,
Söderqvist T, Zimmer K, et al. 2013. Public preferences
regarding use and condition of the Baltic Sea—an inter-
national comparison informing marine policy. Mar
Policy. 42:20–30. doi:10.1016/j.marpol.2013.01.011.
Alexander K, West J. 2011. Water. In: Storer P, Cribb J,
Hosking JK, editors. Resource efficiency in Asia and the
Pacific. Bangkok (Thailand): United Nations
Environment Programme; p. 85–104.
Ang BW, Choong WL, Ng TS. 2015. Energy security:
definitions, dimensions and indexes. Renewable
Sustainable Energy Rev. 42:1077–1093. doi:10.1016/j.
rser.2014.10.064.
Antonelli M, Siciliano G, Turvani ME, Rulli MC. 2015.
Global investments in agricultural land and the role of
the EU: drivers, scope and potential impacts. Land use
policy. 47:98–111. doi:10.1016/j.landusepol.2015.04.007.
Arias-Arévalo P, Gómez-Baggethun E, Martín-López B,
Pérez-Rincón M. 2018. Widening the evaluative space
for ecosystem services: a taxonomy of plural values and
valuation methods. Environ Values. 27:29–53.
doi:10.3197/096327118X15144698637513.
Arias-Arévalo P, Martín-López B, Gómez-Baggethun E.
2017. Exploring intrinsic, instrumental, and relational
values for sustainable management of social-ecological
systems. Ecol Soc. 22(4):43. doi:10.5751/ES-09812-
220443.
Ash N, Blanco H, Brown C, Garcia K, Tomich Vira T. 2010.
Ecosystems and human well-being: a manual for assess-
ment practitioners. Washington (D.C): Island Press.
Baró F, Palomo I, Zulian G, Vizcaino P, Haase D, Gómez-
Baggethun E. 2016. Mapping ecosystem service capacity,
flow and demand for landscape and urban planning: A case
study in the Barcelona metropolitan region. Land use pol-
icy. 57:405–417. doi:10.1016/j.landusepol.2016.06.006.
Barton H, Grant M. 2006. A health map for the local
human habitat. J R Soc Promotion Health.
126:252–253. doi:10.1177/1466424006070466.
Bauer J, Kniivilä M, Schmithüsen F. 2004. Forest legislation
in Europe: how 23 countries approach the obligation to
reforest, public access and use of nonwood forest pro-
ducts. Generva, Switzerland: United Nations.
Beaumont NJ, Austen MC, Atkins JP, Burdon D, Degraer S,
Dentinho TP, Derous S, Holm P, Horton T, van Ierland E,
et al. 2007. Identification, definition and quantification of
goods and services provided by marine biodiversity: impli-
cations for the ecosystem approach. Mar Pollut Bull.
54:253–265. doi:10.1016/j.marpolbul.2006.12.003.
Bell S, Tyrväinen L, Sievänen T, Pröbstl U, Simpson M.
2007. Outdoor recreation and nature tourism:
a european perspective. Living Rev Landscape Res. 1.
doi:10.12942/lrlr-12007-12942.
Berkes F, Kislalioglu M, Folke C, Gadgil M. 1998.
Minireviews: exploring the basic ecological unit:
ecosystem-like concepts in traditional societies.
Ecosystems. 1:409–415. doi:10.1007/s100219900034.
Bojinski S, Verstraete M, Peterson TC, Richter C,
Simmons A, Zemp M. 2014. The concept of essential
climate variables in support of climate research, applica-
tions, and policy. Bull Am Meteorol Soc. 95:1431–1443.
doi:10.1175/BAMS-D-13-00047.1.
Bolund P, Hunhammar S. 1999. Ecosystem services in
urban areas. Ecol Econ. 29:293–301. doi:10.1016/S0921-
8009(99)00013-0.
Booth JE, Gaston KJ, Armsworth PR. 2010. Who benefits
from recreational use of protected areas? Ecol Soc. 15
(3):19. doi:10.5751/ES-03450-150319.
Borras SM, Hall R, Scoones I, White B, Wolford W. 2011.
Towards a better understanding of global land grabbing:
an editorial introduction. J Peasant Stud. 38:209–216.
doi:10.1080/03066150.2011.559005.
Callicott JB. 2006. Conservation values and ethics. In:
Groom MJ, Meffe GK, Coarroll CR, editors. Principles
of conservation biology. 3 ed. Sunderland
(Massachusetts, USA): Sinauer Associates; p. 111–135.
Caraveli H. 2000. A comparative analysis on intensification
and extensification in mediterranean agriculture: dilem-
mas for LFAs policy. J Rural Stud. 16:231–242.
doi:10.1016/S0743-0167(99)00050-9.
Carpenter DO, El-Qaderi S, Fayzieva D, Gilani AH,
Hambartsumyan A, Herz K, Isobaev M, Kasymov O,
Kudyakov R, Majitova Z, et al. 2006. Children’s environ-
mental health in Central Asia and the Middle East.
Int J Occup Environ Health. 12:362–368. doi:10.1179/
oeh.2006.12.4.362.
Casado-Arzuaga I, Madariaga I, Onaindia M. 2013.
Perception, demand and user contribution to ecosystem
services in the Bilbao metropolitan Greenbelt. J Environ
Manage. 129:33–43. doi:10.1016/j.jenvman.2013.05.059.
Chan KMA, Balvanera P, Benessaiah K, Chapman M,
Díaz S, Gómez-Baggethun E, Gould R, Hannahs N,
Jax K, Klain S, et al. 2016. Opinion: why protect nature?
Rethinking values and the environment. Proc Natl Acad
Sci USA. 113:1462–1465. doi:10.1073/pnas.1525002113.
Chan KMA, Gould RK, Pascual U. 2018. Editorial over-
view: relational values: what are they, and what’s the fuss
about? Curr Opin Environ Sustainability. 35:A1–A7.
doi:10.1016/j.cosust.2018.11.003.
Clark NE, Lovell R, Wheeler BW, Higgins SL,
Depledge MH, Norris K. 2014. Biodiversity, cultural
pathways, and human health: a framework. Trends
Ecol Evol. 29:198–204. doi:10.1016/j.tree.2014.01.009.
ECOSYSTEMS AND PEOPLE 65
Comber A, Brunsdon C, Green E. 2008. Using a GIS-based
network analysis to determine urban greenspace acces-
sibility for different ethnic and religious groups. Landsc
Urban Plan. 86:103–114. doi:10.1016/j.
landurbplan.2008.01.002.
Conrad C, Kaiser BO, Lamers JPA. 2016. Quantifying water
volumes of small lakes in the inner Aral Sea Basin,
Central Asia, and their potential for reaching water
and food security. Environ Earth Sci. 75:952.
doi:10.1007/s12665-016-5753-8.
Constantin C, Luminița C, Vasile AJ. 2017. Land grabbing:
A review of extent and possible consequences in
Romania. Land use policy. 62:143–150. doi:10.1016/j.
landusepol.2017.01.001.
Daniel TC, Muhar A, Arnberger A, Aznar O, Boyd JW,
Chan KMA, Costanza R, Elmqvist T, Flint CG,
Gobster PH, et al. 2012. Contributions of cultural ser-
vices to the ecosystem services agenda. Proc Nat Acad
Sci. 109:8812–8819. doi:10.1073/pnas.1114773109.
Daw T, Brown K, Rosendo S, Pomeroy R. 2011. Applying
the ecosystem services concept to poverty alleviation: the
need to disaggregate human well-being. Environ
Conserv. 38:370–379. doi:10.1017/S0376892911000506.
de Aragón M, Riera J,P, Giergiczny M, Colinas C. 2011.
Value of wild mushroom picking as an environmental
service. For Policy Econ. 13:419–424. doi:10.1016/j.
forpol.2011.05.003.
De Schutter O. 2014. Report on agroecology and the right to
food. UN Special Rapporteur on the right to food.
de Vries S, Ten Have M, van Dorsselaer S, van Wezep M,
Hermans T, de Graaf R. 2016. Local availability of green
and blue space and prevalence of common mental dis-
orders in the Netherlands. BJPsych Open. 2:366–372.
doi:10.1192/bjpo.bp.115.002469.
Demeter L. 2017. Biodiversity and ecosystem services of
hardwood floodplain forests: past, present and future
from the perspective of local communities in West
Ukraine. In: Roué M, Molnár Z, editors. Knowing our
Lands and Resources: indigenous and local knowledge of
biodiversity and ecosystem services in Europe and
Central Asia. Paris (France): UNESCO; p. 6–19.
Díaz S, Demissew S, Carabias J, Joly C, Lonsdale M, Ash N,
Larigauderie A, Adhikari JR, Arico S, Báldi A, et al. 2015.
The IPBES conceptual framework — connecting nature
and people. Curr Opin Environ Sustainability. 14:1–16.
doi:10.1016/j.cosust.2014.11.002.
Díaz S, Pascual U, Stenseke M, Martín-López B, Watson RT,
Molnár Z, Hill R, Chan KMA, Baste IA, Brauman KA, et al.
2018. Assessing nature’s contributions to people. Science.
359:270–272. doi:10.1126/science.aap8826.
EEA. 2015a. The European environment — state and out-
look 2015: synthesis report. Copenhagen (Denmark):
European Environment Agency.
EEA. 2015b. SOER 2015. Freshwater quality — nutrients in
rivers. [accessed 2017 Jul 1]. https://www.eea.europa.eu/
soer-2015/countries-comparison/freshwater.
European Commission. 2016. Flash Eurobarometer 432.
Preferences of Europeans towards tourism. European
Commission.
Falloon P, Betts R. 2010. Climate impacts on European
agriculture and water management in the context of
adaptation and mitigation—the importance of an inte-
grated approach. Sci Total Environ. 408:5667–5687.
doi:10.1016/j.scitotenv.2009.05.002.
FAO. 1996. World food summit: Rome declaration on
world food security and World Food summit plan of
action. FAO.
FAO. 2014. The water-energy-food nexus: a new approach
in support of food security and sustainable agriculture.
Rome: FAO. http://www.fao.org/3/abl496e.pdf.
FAO. 2016. AQUASTAT main database. [accessed 2017 Jul
1]. http://www.fao.org/nr/water/aquastat/main/index.stm.
FAO. 2017. FAOSTAT. Food and Agriculture Organization
of the United Nations.
Fernández-Giménez ME, Fillat Estaque F. 2012. Pyrenean
Pastoralists’ ecological knowledge: documentation and
application to natural resourcemanagement and adaptation.
Hum Ecol. 40:287–300. doi:10.1007/s10745-012-9463-x.
FLERMONECA. 2015. The state of the environment in Central
Asia: illustrations of selected environmental themes and
indicators. Regional Environmental Centre for Central
Asia, Environmental Agency of Austria, Zoї Environment
Network.
Forest Europe. 2015. State of Europe’s forests. Madrid
(Spain): Ministerial Conference on the Protection of
Forests in Europe.
Gain AK, Giupponi C, Wada Y. 2016. Measuring global
water security towards sustainable development goals.
Environ Res Lett. 11:124015. doi:10.1088/1748-9326/11/
12/124015.
Gould RK, Pai M, Muraca B, Chan KMA. 2019. He ʻike
ʻana ia i ka pono (it is a recognizing of the right thing):
how one indigenous worldview informs relational values
and social values. Sustainability Sci. 14:1213–1232.
doi:10.1007/s11625-019-00721-9.
GRAIN. 2016. The global farmland grab in 2016: how big,
how bad? Barcelona (Spain): GRAIN.
Guadilla-Sáez S, Pardo-de-Santayana M, Reyes-García V.
2017. The dismantling of forest commons in Spain,
Proceedings of the XVIth IASC Conference Practicing
the Commons. Self-governance, cooperation and institu-
tional change, Utrecht, the Netherlands, pp. 1–13.
Hansen K, Malmaeus M. 2016. Ecosystem services in
Swedish forests. Scand J For Res. 31:626–640.
doi:10.1080/02827581.2016.1164888.
Harrison PA, Dunford R, Barton DN, Kelemen E,
Martín-López B, Norton L, Termansen M, Saarikoski H,
Hendriks K, Gómez-Baggethun E, et al. 2018. Selecting
methods for ecosystem service assessment: A decision
tree approach. Ecosyst Serv. 29:481–498. doi:10.1016/j.
ecoser.2017.09.016.
Hartel T, Fagerholm N, Torralba M, Balázsi Á, Plieninger T.
2018. Forum: social-ecological system archetypes for
European Rangelands. Rangeland Ecol Manage.
71:536–544. doi:10.1016/j.rama.2018.03.006.
Heinrich M, Jäger AK. 2015. Ethnopharmacology.
Chichester (UK): Wiley Blackwell.
Hill R, Nates-Parra G, Quezada-Euán JJG, Buchori D,
LeBuhn G, Maués MM, Pert PL, Kwapong PK,
Saeed S, Breslow SJ, et al. 2019. Biocultural approaches
to pollinator conservation. Nat Sustainability. 2:214–222.
doi:10.1038/s41893-019-0244-z.
Hillel D, Rosenzweig C. 2008. Biodiversity and food pro-
duction. In: Chivian E, Bernstein A, editors. Sustaining
life: how human health depends on biodiversity. USA:
Oxford University Press; p. 325–381.
Himes A, Muraca B. 2018. Relational values: the key to
pluralistic valuation of ecosystem services. Curr Opin
Environ Sustainability. 35:1–7. doi:10.1016/j.
cosust.2018.09.005.
Hodgkin T, Hunter D. 2015. Agricultural biodiversity, food
security and human health. In: WHO, CBD, editor.
Connecting global priorities: biodiversity and human
health, a state of knowledge review. Geneva: World
66 M. SCHRÖTER ET AL.
Health Organization and Secretariat for the Convention
on Biological Diversity.
Hornigold K, Lake I, Dolman P. 2016. Recreational use of
the countryside: no evidence that high nature value
enhances a key ecosystem service. PLoS One. 11:
e0165043. doi:10.1371/journal.pone.0165043.
Horwitz P, Kretsch C. 2015. Contribution of biodiversity
and green spaces to mental and physical fitness, and
cultural dimensions of health. In: WHO CBD, editor.
Connecting global priorities: biodiversity and human
health: a state of knowledge review. World Health
Organization and Secretariat for the Convention on
Biological Diversity; p. 200–220.
Hunter D, Burlingame B, Remans R. 2015. Biodiversity and
nutrition. In: WHO, CBD, editor. Connecting global
priorities: biodiversity and human health, a state of
knowledge review.. World Health Organization and
Secretariat for the Convention on Biological Diversity;
p. 97–129.
IAASTD. 2009. International assessment of agricultural
knowledge, science and technology for development.
Global Report. Washington (U.S.A): Island Press.
IEA. 2019. Energy security; [accessed2019 Mar 28]. https://
www.iea.org/topics/energysecurity/on.
IPBES. 2015. Preliminary guide regarding diverse concep-
tualization of multiple values of nature and its benefits,
including biodiversity and ecosystem functions and ser-
vices (deliverable 3 (d)). IPBES https://www.ipbes.net/
event/ipbes-4-plenary.
IPBES. 2018. The IPBES regional assessment report on
biodiversity and ecosystem services for Europe and
Central Asia. In: Rounsevell M, Fischer M, Torre-
Marin Rando A, Mader A, editors. Secretariat of the
intergovernmental science-policy platform on biodiver-
sity and ecosystem services. Bonn (Germany). p. 892.
Jacobs S, Martín-López B, Barton DN, Dunford R,
Harrison PA, Kelemen E, Saarikoski H, Termansen M,
García-Llorente M, Gómez-Baggethun E, et al. 2018. The
means determine the end – pursuing integrated valua-
tion in practice. Ecosyst Serv. 29:515–528. doi:10.1016/j.
ecoser.2017.07.011.
Jax K, Barton DN, Chan KMA, de Groot R, Doyle U, Eser U,
Görg C, Gómez-Baggethun E, Griewald Y, Haber W, et al.
2013. Ecosystem services and ethics. Ecol Econ. 93:260–268.
doi:10.1016/j.ecolecon.2013.06.008.
Jax K, Calestani M, Chan KMA, Eser U, Keune H, Muraca B,
O’Brien L, Potthast T, Voget-Kleschin L, Wittmer H. 2018.
Caring for nature matters: a relational approach for under-
standing nature’s contributions to human well-being. Curr
Opin Environ Sustainability. 35:22–29. doi:10.1016/j.
cosust.2018.10.009.
Johnston JL, Fanzo JC, Cogill B. 2014. Understanding sustain-
able diets: a descriptive analysis of the determinants and
processes that influence diets and their impact on health,
food security, and environmental sustainability. Adv Nutr.
5:418–429. doi:10.3945/an.113.005553.
Kabisch N, Haase D. 2013. Green spaces of European cities
revisited for 1990–2006. Landsc Urban Plan.
110:113–122. doi:10.1016/j.landurbplan.2012.10.017.
Kabisch N, Haase D. 2014. Green justice or just green?
Provision of urban green spaces in Berlin, Germany.
Landsc Urban Plan. 122:129–139. doi:10.1016/j.
landurbplan.2013.11.016.
Kabisch N, Strohbach M, Haase D, Kronenberg J. 2016.
Urban green space availability in European cities. Ecol
Indic. 70:586–596. doi:10.1016/j.ecolind.2016.02.029.
Karabulut A, Egoh BN, Lanzanova D, Grizzetti B,
Bidoglio G, Pagliero L, Bouraoui F, Aloe A,
Reynaud A, Maes J, et al. 2016. Mapping water provi-
sioning services to support the ecosystem–water–food–
energy nexus in the Danube river basin. Ecosyst Serv.
17:278–292. doi:10.1016/j.ecoser.2015.08.002.
Kis J, Barta S, Elekes L, Engi L, Fegyver T, Kecskeméti J,
Lajkó L, Szabó J. 2017. Traditional herders’ knowledge
and worldview and their role in managing biodiversity
and ecosystem-services of extensive pastures. In:
Roué M, Molnár Z, editors. Knowing our lands and
resources: indigenous and local knowledge of biodiver-
sity and ecosystem services in Europe and Central Asia.
Paris (France): UNESCO; p. 56–70.
Klain SC, Olmsted P, Chan KMA, Satterfield T. 2017.
Relational values resonate broadly and differently than
intrinsic or instrumental values, or the new ecological
paradigm. PLoS One. 12:e0183962. doi:10.1371/journal.
pone.0183962.
Klinar K, Geršič M. 2014. Traditional house names as part
of cultural heritage. Acta Geog Slovenica. 54:411–420.
doi:10.3986/AGS54409.
Koohafkan P, Altieri MA. 2011. Globally important agri-
cultural heritage systems: a legacy for the future. Rome:
Food and Agriculture Organization of the United
Nations.
Layke C, Mapendembe A, Brown C,Walpole M,Winn J. 2012.
Indicators from the global and sub-global Millennium eco-
system assessments: an analysis and next steps. Ecol Indic.
17:77–87. doi:10.1016/j.ecolind.2011.04.025.
Leguizamón A. 2016. Environmental injustice in
Argentina: struggles against genetically modified Soy.
J Agrar Change. 16:684–692. doi:10.1111/joac.v16.4.
Liquete C, Piroddi C, Macías D, Druon J-N, Zulian G.
2016. Ecosystem services sustainability in the
Mediterranean Sea: assessment of status and trends
using multiple modelling approaches. Sci Rep. 6:34162.
doi:10.1038/srep34162.
Łuczaj Ł, Köhler P, Pirożnikow E, Graniszewska M,
Pieroni A, Gervasi T. 2013. Wild edible plants of Belarus:
from Rostafiński’s questionnaire of 1883 to the present.
J Ethnobiol Ethnomed. 9:21. doi:10.1186/1746-4269-9-21.
MA, Millennium Ecosystem Assessment. 2005. Ecosystems
and human well-being: synthesis report. Washington D.
C: Island Press.
Martínez-Alier J. 2002. The environmentalism of the poor.
Cheltenham: Edward Elgar.
Martín-López B, Church A, Başak Dessane E, Berry P,
Chenu C, Christie M, Gerino M, Keune H, Osipova E,
Oteros-Rozas E, et al. 2018. Chapter 2: nature’s contri-
butions to people and quality of life. In: Rounsevell M,
Fischer M, Torre-Marin Rando A, Mader A, IPBES,
editors. The IPBES regional assessment report on biodi-
versity and ecosystem services for Europe and Central
Asia. Bonn (Germany). Secretariat of the
Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services; p. 57–185.
Martín-López B, Felipe-Lucia MR, Bennett EM,
Norström A, Peterson G, Plieninger T, Hicks CC,
Turkelboom F, García-Llorente M, Jacobs S, et al.
2019. A novel telecoupling framework to assess social
relations across spatial scales for ecosystem services
research. J Environ Manage. 241:251–263. doi:10.1016/
j.jenvman.2019.04.029.
McDermott M,Mahanty S, Schreckenberg K. 2013. Examining
equity: A multidimensional framework for assessing equity
ECOSYSTEMS AND PEOPLE 67
in payments for ecosystem services. Environ Sci Policy.
33:416–427. doi:10.1016/j.envsci.2012.10.006.
McNeill K, Macdonald K, Singh A, Binns AD. 2017. Food
and water security: analysis of integrated modeling
platforms. Agric Water Manage. 194:100–112.
doi:10.1016/j.agwat.2017.09.001.
Miloslavich P, Bax NJ, Simmons SE, Klein E, Appeltans W,
Aburto-Oropeza O, Andersen Garcia M, Batten SD,
Benedetti-Cecchi L, Checkley DM, et al. 2018. Essential
ocean variables for global sustained observations of bio-
diversity and ecosystem changes. Glob Chang Biol.
24:2416–2433. doi:10.1111/gcb.2018.24.issue-6.
Mitchell RJ, Richardson EA, Shortt NK, Pearce JR. 2015.
Neighborhood environments and socioeconomic
inequalities in mental well-being. Am J Prev Med.
49:80–84. doi:10.1016/j.amepre.2015.01.017.
Mocior E, Kruse M. 2016. Educational values and services
of ecosystems and landscapes – an overview. Ecol Indic.
60:137–151. doi:10.1016/j.ecolind.2015.06.031.
Molnár Z, Sáfián L,Máté J, Barta S, SütőDP,MolnárÁ,VargaA.
2017. “It does matter who leans on the stick”: hungarian
herders’ perspectives on biodiversity, ecosystem services and
their drivers. In: Roué M, Molnár Z, editors. Knowing our
lands and resources: indigenous and local knowledge of bio-
diversity and ecosystem services in Europe and Central Asia.
Paris (France): UNESCO; p. 41–55.
Naeem S, Chazdon R, Duffy JE, Prager C, Worm B. 2016.
Biodiversity and human well-being: an essential link for
sustainable development. Proc Royal Soc B. 283.
Newman DJ, Cragg GM. 2016. Natural products as sources
of new drugs from 1981 to 2014. J Nat Prod. 79:629–661.
doi:10.1021/acs.jnatprod.5b01055.
Norman E, Bakker KJ, Cook C, Dunn G, Allen D. 2010.
Water security: a primer. Vancouver: Program on Water
Governance, University of British Columbia.
Olander L, Polasky S, Kagan JS, JohnstonRJ,Wainger L, SaahD,
Maguire L, Boyd J, Yoskowitz D. 2017. So you want your
research to be relevant? Building the bridge between ecosys-
tem services research and practice. Ecosyst Serv. 26:170–182.
doi:10.1016/j.ecoser.2017.06.003.
Oteros-Rozas E, Ontillera-Sánchez R, Sanosa P, Gómez-
Baggethun E, Reyes-García V, González JA. 2013.
Traditional ecological knowledge among transhumant
pastoralists in Mediterranean Spain. Ecol Soc. 18(3):33.
doi:10.5751/ES-05597-180333.
Palomo I, Felipe-Lucia MR, Bennett EM, Martín-López B,
Pascual U. 2016. Chapter Six - disentangling the path-
ways and effects of ecosystem service co-production. In:
Woodward G, Bohan DA, editors. Advances in ecologi-
cal research. Academic Press; p. 245–283.
Paracchini ML, Zulian G, Kopperoinen L, Maes J,
Schägner JP, Termansen M, Zandersen M, Perez-Soba
M, Scholefield PA, Bidoglio G. 2014. Mapping cultural
ecosystem services: A framework to assess the potential
for outdoor recreation across the EU. Ecol Indic.
45:371–385. doi:10.1016/j.ecolind.2014.04.018.
Parrotta JA, Agnoletti M. 2007. Traditional forest knowl-
edge: challenges and opportunities. For Ecol Manage.
249:1–4. doi:10.1016/j.foreco.2007.05.022.
Pascual U, Balvanera P, Díaz S, Pataki G, Roth E, Stenseke M,
Watson RT, Başak Dessane E, Islar M, Kelemen E, et al.
2017a. Valuing nature’s contributions to people: the IPBES
approach. Curr Opin Environ Sustainability. 26–27:7–16.
doi:10.1016/j.cosust.2016.12.006.
Pascual U, Palomo I, Adams W, Chan KMA, Daw T,
Garmendia E, Gómez-Baggethun E, de Groot R,
Mace G, Martin-Lopez B, et al. 2017b. Off-stage ecosys-
tem service burdens: A blind spot for global
sustainability. Environ Res Lett. 12:075001. doi:10.1088/
1748-9326/aa7392.
Patel R. 2009. Food sovereignty. J Peasant Stud.
36:663–706. doi:10.1080/03066150903143079.
Payyappallimana U, Subramanian S. 2015. Traditional
medicine. In: WHO CBD, editor. Connecting global
priorities–biodiversity and human health: a state of
knowledge review. Geneva: World Health Organization
and Secretariat for the Convention on Biological
Diversity; p. 180–199.
Pereira HM, Ferrier S, Walters M, Geller GN,
Jongman RHG, Scholes RJ, Bruford MW, Brummitt N,
Butchart SHM, Cardoso AC, et al. 2013. Essential biodi-
versity variables. Science. 339:277–278. doi:10.1126/
science.1229931.
Piccolo JJ. 2017. Intrinsic values in nature: objective good
or simply half of an unhelpful dichotomy? J Nat
Conserv. 37:8–11. doi:10.1016/j.jnc.2017.02.007.
Pietilä M, Fagerholm N. 2016. Visitors’ place-based evalua-
tions of unacceptable tourism impacts in Oulanka
National Park, Finland. Tourism Geographies.
18:258–279. doi:10.1080/14616688.2016.1169313.
Reyers B, Stafford-Smith M, Erb K-H, Scholes RJ,
Selomane O. 2017. Essential variables help to focus sus-
tainable development goals monitoring. Curr Opin
Environ Sustainability. 26–27:97–105. doi:10.1016/j.
cosust.2017.05.003.
Reyes-García V, Menendez-Baceta G, Aceituno-Mata L,
Acosta-Naranjo R, Calvet-Mir L, Domínguez P,
Garnatje T, Gómez-Baggethun E, Molina-Bustamante
M, Molina M, et al. 2015. From famine foods to delica-
tessen: interpreting trends in the use of wild edible
plants through cultural ecosystem services. Ecol Econ.
120:303–311. doi:10.1016/j.ecolecon.2015.11.003.
Roturier S, Nygĺrd J, Nutti L-E, Ĺstot M-P, Roué M.
2017. Reindeer husbandry in the boreal forest: sami
ecological knowledge or the science of “working with
nature”. In: Roué M, Molnár Z, editors. Knowing
our lands and resources: indigenous and local
knowledge of biodiversity and ecosystem services in
Europe and Central Asia. Paris (France): UNESCO;
p. 90–108.
Roué M, Molnár Z. 2017. Knowing our lands and
resources: indigenous and local knowledge of biodiver-
sity and ecosystem services in Europe and Central Asia.
Knowledges of Nature 9. Paris (France): UNESCO.
Rulli MC, Saviori A, D’Odorico P. 2013. Global land and
water grabbing. Proc Natl Acad Sci USA. 110:892–897.
doi:10.1073/pnas.1213163110.
Schoneveld GC. 2014. The geographic and sectoral patterns
of large-scale farmland investments in sub-Saharan
Africa. Food Policy. 48:34–50. doi:10.1016/j.
foodpol.2014.03.007.
Schröter M, Koellner T, Alkemade R, Arnhold S,
Bagstad KJ, Erb K-H, Frank K, Kastner T, Kissinger M,
Liu J, et al. 2018. Interregional flows of ecosystem ser-
vices: concepts, typology and four cases. Ecosyst Serv.
31:231–241. doi:10.1016/j.ecoser.2018.02.003.
Schröter M, Stumpf KH, Loos J, van Oudenhoven APE,
Böhnke-Henrichs A, Abson DJ. 2017. Refocusing eco-
system services towards sustainability. Ecosyst Serv.
25:35–43. doi:10.1016/j.ecoser.2017.03.019.
Schulp CJE, Thuiller W, Verburg PH. 2014. Wild food in
Europe: A synthesis of knowledge and data of terrestrial
68 M. SCHRÖTER ET AL.
wild food as an ecosystem service. Ecol Econ.
105:292–305. doi:10.1016/j.ecolecon.2014.06.018.
Seeland K, Staniszewski P. 2007. Indicators for a European
cross-country state-of-the-art assessment of non-timber
forest products and services. Small-scale For. 6:411–422.
doi:10.1007/s11842-007-9029-8.
Sheremata M. 2018. Listening to relational values in the era
of rapid environmental change in the Inuit Nunangat.
Curr Opin Environ Sustainability. 35:75–81.
doi:10.1016/j.cosust.2018.10.017.
Skoulikidis NT, Sabater S, Datry T, Morais MM,
Buffagni A, Dörflinger G, Zogaris S, Del Mar Sánchez-
Montoya M, Bonada N, Kalogianni E, et al. 2017.
Non-perennial Mediterranean rivers in Europe: status,
pressures, and challenges for research and
management. Sci Total Environ. 577:1–18.
doi:10.1016/j.scitotenv.2016.10.147.
Smrekar A, Šmid Hribar M, Erhartič B. 2016. Stakeholder
conflicts in the Tivoli, Rožnik Hill, and Šiška Hill
Protected Landscape Area. Acta geographica Slovenica;
Vol 56, No 2 (2016): WITH SPECIAL ISSUE (in mem-
oriam Bojan Erhartič).
Stahl K, Tallaksen LM, Hannaford J, van Lanen HAJ. 2012.
Filling the white space on maps of European runoff trends:
estimates from a multi-model ensemble. Hydrol Earth Syst
Sci. 16:2035–2047. doi:10.5194/hess-16-2035-2012.
Stürck J, Poortinga A, Verburg PH. 2014. Mapping ecosys-
tem services: the supply and demand of flood regulation
services in Europe. Ecol Indic. 38:198–211. doi:10.1016/j.
ecolind.2013.11.010.
Tengö M, Hill R, Malmer P, Raymond CM,
Spierenburg M, Danielsen F, Elmqvist T, Folke C.
2017. Weaving knowledge systems in IPBES, CBD and
beyond—lessons learned for sustainability. Curr Opin
Environ Sustainability. 26–27:17–25. doi:10.1016/j.
cosust.2016.12.005.
TNI. 2016. Land grabbing and land concentration in Europe.
A research brief. Amsterdam (The Netherlands):
Transnational Institute for HOTL.
UN. 2010. Energy for a sustainable future. Report and recom-
mendations. The secretary-general’s advisory group on
energy and climate change (AGECC), New York.
UNEP, UNECE. 2016. GEO-6 Assessment for the pan-
European region. Nairobi (Kenia): United Nations
Environment Programme.
UNESCO. 2003. Convention for the safeguarding of intan-
gible cultural heritage. [accessed 2017 Jul 1]. https://ich.
unesco.org/en/convention.
UN-Water. 2011. Water quality. Policy Brief. [accessed
2017 Jul 1]. http://www.unwater.org/publications/un-
water-policy-brief-water-quality/.
UN-Water. 2013. Water security and the global water agenda.
Analytical Brief. [accessed 2017 Jul 1]. http://www.unwater.
org/publications/watersecurity-global-water-agenda/.
Vadrot ABM, Jetzkowitz J, Stringer LC. 2016. IPBES dis-
ciplinary gaps still gaping. Nature. 530:160. doi:10.1038/
530160b.
van den Berg M, Wendel-Vos W, van Poppel M, Kemper H,
van Mechelen W, Maas J. 2015. Health benefits of green
spaces in the living environment: A systematic review of
epidemiological studies. Urban For Urban Greening.
14:806–816. doi:10.1016/j.ufug.2015.07.008.
van der Ploeg JD, Franco JC, Borras SM. 2015. Land con-
centration and land grabbing in Europe: a preliminary
analysis. Can J Dev Stud. 36:147–162. doi:10.1080/
02255189.2015.1027673.
van Oudenhoven APE, Schröter M, Drakou EG,
Geijzendorffer IR, Jacobs S, van Bodegom PM,
Chazee L, Czúcz B, Grunewald K, Lillebø AI, et al.
2018. Key criteria for developing ecosystem service
indicators to inform decision making. Ecol Indic.
95P1:417–426. doi:10.1016/j.ecolind.2018.06.020.
Verschuuren B 2006. An overview of cultural and spiritual
values in ecosystem management and conservation
strategies, Conference on Endogenous Development and
Bio-Cultural Diversity, pp. 299–325.
Vidal-Abarca Gutiérrez MR, Suárez Alonso ML. 2013.
Which are, what is their status and what can we expect
from ecosystem services provided by Spanish rivers and
riparian areas? Biodivers Conserv. 22:2469–2503.
doi:10.1007/s10531-013-0532-2.
Völker S, Kistemann T. 2011. The impact of blue space on
human health and well-being – salutogenetic health effects
of inland surface waters: A review. Int J Hyg Environ
Health. 214:449–460. doi:10.1016/j.ijheh.2011.05.001.
Walker WS, Uysal AE. 1973. An ancient god in modern
Turkey: some aspects of the cult of Hizir. J Am Folklore.
86:286–289. doi:10.2307/539158.
Weiler AM, Hergesheimer C, Brisbois B, Wittman H, Yassi A,
Spiegel JM. 2014. Food sovereignty, food security and health
equity: a meta-narrative mapping exercise. Health Policy
Plan. 30:1078–1092. doi:10.1093/heapol/czu109.
West S, Haider LJ, Masterson V, Enqvist JP, Svedin U,
Tengö M. 2018. Stewardship, care and relational values.
Curr Opin Environ Sustainability. 35:30–38.
doi:10.1016/j.cosust.2018.10.008.
WHO. 2014. Constitution of the World Health
Organization. In: WHO, editor. Basic documents. forty-
eighth Geneva.
WHO CBD. 2015. Connecting global priorities: biodiver-
sity and human health, a state of knowledge review.
World Health Organization and Secretariat for the
Convention on Biological Diversity.
Wittman H, Desmarais A, Wiebe N. 2010. The origins and
potential of food sovereignty. In: Desmarais AA,
Wiebe N, Wittman H, editors. Food sovereignty: recon-
necting food, nature and community. Oakland (U.S.A.):
Food First Books; p. 1–14.
Wolford W. 2008. Environmental justice and the construc-
tion of scale in Brazilian Agriculture. Soc Nat Resour.
21:641–655. doi:10.1080/08941920802096432.
World Bank. 2016. Percentage of population with access to
improved drinking water sources. [accessed 2017 Jul 1].
https://data.worldbank.org/indicator/SH.H2O.SAFE.ZS.
ECOSYSTEMS AND PEOPLE 69
